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DESCRIPTION 

THERMAL FLOWMETER OF FLUID 

Technical Field 

The present invention relates to a thermal flowmeter of 
a fluid, and more particularly to a thermal flowmeter of a 
fluid suitable for measuring an intake air amount in an 
internal combustion engine. 

Background Art 

As one example of fluid flowmeters, there is an air 
flowmeter disposed in an electronically controlled fuel 
injector of an internal combustion engine for an automobile, 
for example, to measure an intake air amount. Such an air 
flowmeter is mainly practiced in the thermal type because of 
a capability of directly detecting a mass flow rate. 

Among thermal air flowmeters, particularly a thermal 
air flowmeter employing a measuring element manufactured by 
the semiconductor micromachining technology has received 
attention for the reasons that it can be manufactured at a 
reduced cost and can be driven with lower power. 

One known thermal air flowmeter using a semiconductor 
substrate is disclosed in JP,A 2002-310762. The technique 
disclosed in that publication places primary importance to a 
reduction of variations in manufacturing and reliability 
against changes over time. 

In the disclosed invention, a heating resistor, a 
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temperature compensation resistor, and other resistors used 
in a bridge circuit are formed of the same resistor material 
on the same semiconductor substrate in an integrated state. 

With that construction, heater control with high 
accuracy can be performed. Even if the resistance values 
and resistivities of those resistors are changed with the 
lapse of time, the extents of the changes can be regarded as 
being the same because those resistors are formed of the 
same resistor material, whereby the balanced state of the 
bridge circuit can be maintained. As a result, stable 
characteristics can be obtained for a long term. 

Disclosure of the Invention 

The above-described prior art is able to perform 
optimum heating control for temperature changes of an 
airflow. However, when the prior-art flowmeter is used in 
an internal combustion engine of an automobile or the like, 
the accuracy in measuring an air flow rate is deteriorated 
by thermal influences applied externally of the thermal air 
flowmeter due to heat generated by the internal combustion 
engine . 

More specifically, in the thermal air flowmeter used 
under severe temperature conditions occurred in an 
automobile, etc., heat is conducted to the measuring element 
through a support portion of the thermal air flowmeter with 
a temperature rise of an internal combustion engine, thus 
raising the temperature of air to be detected near the 
measuring element. Therefore, the flow rate is measured as 
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a smaller value than the actual one, and the measurement 
accuracy is deteriorated. 

That cause of deteriorating the measurement accuracy 
has not been recognized and no countermeasures have been 
taken in the prior art. 

An object of the present invention is to reduce errors 
in measurement accuracy of a fluid flowmeter caused by 
external thermal influences, and to provide a thermal 
flowmeter of a fluid with improved accuracy in measurement 
of a flow rate. 

To achieve the above object, the present invention is 
constituted as follows. 

(1) A thermal flowmeter of a fluid comprises a flow rate 
measuring element disposed in a fluid passage and including 
a heating resistor generating heat with supply of a current, 
a temperature compensation resistor for detecting a fluid 
temperature, a first temperature measuring resistor for 
measuring a temperature upstream of the heating resistor, 
and a second temperature measuring resistor for measuring a 
temperature downstream of the heating resistor, all of the 
resistors being formed on the same substrate. 

In the thermal flowmeter of the fluid, a temperature 
sensor measures a temperature in a casing which is supported 
to a wall surface of an intake pipe forming the fluid 
passage and which supports the flow rate measuring element. 
The flowmeter further comprises heating temperature control 
means causing a difference between the fluid temperature and 
the temperature of the heating resistor to be changed 
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depending on the fluid temperature. A computing unit 
performs correction depending on temperature by using 
signals corresponding to a fluid flow rate sent from the 
first and second temperature detecting resistors and the 
temperature sensor . 

(2) In above (1), preferably, the heating temperature 
control means forms a bridge circuit in cooperation with the 
heating resistor, the temperature compensation resistor, the 
first resistor, and the second resistor, and the temperature 
compensation resistor differs in resistance temperature 
coefficient from the heating resistor, the first resistor, 
and the second resistor, thereby causing the heating 
temperature to be lowered as the air temperature rises. 

(3) In above (1) or (2), preferably, the heating resistor, 
the temperature compensation resistor, the first resistor, 
and the second resistor are all made of the same resistor 
material and form a bridge circuit, and a fixed resistor 
differing in resistance temperature coefficient from the 
resistor material is connected to the temperature 
compensation resistor in parallel. 

(4) A thermal flowmeter of a fluid according to another 
aspect of the present invention comprises a flow rate 
detecting element disposed in a fluid passage and including 
a heating resistor generating heat with supply of a current, 
and first and second temperature detecting resistors for 
measuring respective temperatures upstream and downstream of 
the heating resistor, all of the resistors being formed on 
the same substrate. 
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The thermal flowmeter of the fluid further comprises a 
temperature control circuit for controlling a temperature of 
the heating resistor; a flow rate detecting circuit for 
taking out signals corresponding to a fluid flow rate from 
the first and second temperature detecting resistors; a 
casing supported to a wall surface of an intake pipe forming 
the fluid passage and supporting the flow rate measuring 
element; a temperature sensor for measuring a temperature in 
the casing; a computing unit for receiving the signals 
corresponding to the fluid flow rate from the first and 
second temperature detecting resistors, performing 
correction depending on temperature by using the temperature 
sensor, and outputting the corrected result; and flow rate 
detecting means causing an offset voltage provided as an 
output voltage of the flow rate detecting circuit at a flow 
rate of zero to be changed depending on an ambient 
temperature . 

(5) In above (4), preferably, the flow rate detecting means 
includes a serial circuit of the first temperature measuring 
resistor and the second temperature measuring resistor, and 
the first temperature measuring resistor and the second 
temperature measuring resistor have different resistance 
temperature coefficients from each other. 

(6) In above (4) or (5), preferably, the flow rate 
detecting means includes a serial circuit of the first 
temperature measuring resistor and the second temperature 
measuring resistor both having the same resistance 
temperature coefficient, and a fixed resistor differing in 
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resistance temperature coefficient from the first and the 
second temperature measuring resistors is connected to the 
second temperature measuring resistor in parallel. 

Brief Description of the Drawings 

Fig. 1 is a plan view showing a measuring element of a 
thermal air flowmeter according to a first embodiment of the 
present invention . 

Fig. 2 is a sectional view of the measuring element 
taken along the line A-A f in Fig. 1. 

Fig. 3 is a diagram of a drive circuit for supplying a 
current to a heating resistor on the measuring element and 
performing heating temperature control. 

Fig. 4 is a graph representing, in comparison with the 
prior art, the temperature of the heating resistor relative 
to the air temperature when the drive circuit according to 
the present invention is operated. 

Fig. 5 is a circuit diagram for detecting a flow rate 
according to the present invention. 

Fig. 6 is a schematic sectional view showing a state 
where the thermal air flowmeter is mounted in an intake 
passage of an internal combustion engine. 

Fig. 7 is a graph representing a flow rate detection 
error caused due to an overall temperature characteristic of 
a flow rate detection voltage before correction. 

Fig. 8 is a graph representing temperature changes of 
the measuring element and a temperature sensor with respect 
to changes of an air flow rate. 
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Fig. 9 is a graph representing overall temperature 
characteristics after correction. 

Fig. 10 is a table showing a correction map for a 
computing unit in the prior art. 

Fig. 11 is a table showing a correction map for a 
computing unit in the present invention. 

Fig. 12 is a graph representing a flow rate detection 
error caused due to a wall surface temperature 
characteristic of the thermal air flowmeter. 

Fig. 13 is a graph representing temperature changes of 
the temperature sensor and the measuring element depending 
on the wall surface temperature characteristics of the 
thermal air flowmeter. 

Fig. 14 is a graph representing the wall surface 
temperature characteristics of the thermal air flowmeter 
after correction. 

Fig. 15 is a diagram showing a drive circuit for the 
heating resistor in a second embodiment of the present 
invention . 

Fig. 16 is a diagram showing a flow rate detection 
circuit according to a third embodiment of the present 
invention . 

Fig. 17 is a graph showing dependency of an output 
voltage upon the air temperature at a flow rate of 0 kg/h in 
the flow rate detection circuit according to the third 
embodiment of the present invention. 

Fig. 18 is a graph representing a flow rate detection 
error caused due to an overall temperature characteristic in 
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the third embodiment of the present invention. 

Fig. 19 is a diagram showing a flow rate detection 
circuit according to a fourth embodiment of the present 
invention . 

Fig. 20 is a diagram showing a drive circuit for 
performing heating temperature control in a fifth embodiment 
of the present invention. 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention will be described 
below with reference to the attached drawings. The 
following description is made of the case where the present 
invention is applied to a thermal air flowmeter. 

Fig. 1 is a plan view showing a measuring element of a 
thermal air flowmeter according to a first embodiment of the 
present invention. Fig. 2 is a sectional view of the 
measuring element taken along the line A-A f in Fig. 1. 

Referring to Figs. 1 and 2, a measuring element 1 
comprises a semiconductor substrate 2 made of, e.g., silicon 
and having a cavity 4 formed by anisotropic etching to 
extend upward from a lower surface of the substrate to a 
boundary with respect to an electric insulating film 3a, and 
a heating resistor 5 formed on the electric insulating film 
3a that covers the cavity 4. The measuring element 1 
further comprises a temperature compensation resistor 6a for 
performing temperature compensation of the heating resistor 
5, a first resistor 7, and a second resistor, the first and 
second resistors forming a bridge circuit in combination 
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with the heating resistor 5 and the temperature compensation 
resistor 6a. 

On the measuring element 1, a first temperature 
measuring resistor 9 and a second temperature measuring 
resistor 10 are formed to detect the temperatures upstream 
and downstream of the heating resistor 5 in the vicinity 
thereof, respectively, thus obtaining a signal corresponding 
to the air flow rate. In addition, the measuring element 1 
includes terminal electrodes 11 (lla-111) made of, e.g., 
aluminum and connecting the measuring element 1 to a drive 
circuit for outputting of a flow rate detection voltage, and 
an electric insulating film 3b for protection of the various 
resistors . 

Materials used for forming the resistors on the 
measuring element 1 can be selected from among polysilicon, 
platinum, gold, copper, aluminum, etc. In this first 
embodiment, the resistors on the measuring element 1 are 
formed using inexpensive polysilicon. 

Fig. 3 is a diagram of a drive circuit for supplying a 
current to the heating resistor 5 on the measuring element 1 
and performing heating temperature control. Referring to 
Fig. 3, the drive circuit comprises the heating resistor 5 
formed on the measuring element 1, the first resistor 7 
connected to the heating resistor 5 in series, the 
temperature compensation resistor 6a, the second resistor 8 
connected to the temperature compensation resistor 6a in 
series, and a fixed resistor 6b disposed on a circuit board 
26 and connected to the temperature compensation resistor 6a 
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in parallel. The resistors 5 and 7 are connected to the 
resistors 6a and 8 in parallel, to thereby constitute a 
bridge circuit. 

The drive circuit further comprises a differential 
amplifier 12 which is connected to a junction between the 
resistors 5 and 7 and a junction between the resistors 6a 
and 8 and which amplifies the differential voltage of the 
bridge circuit, a transistor 13 having a base supplied with 
an output voltage from the differential amplifier 12 and an 
emitter connected to a junction between the resistors 6a and 
5, thereby controlling the current supplied to the bridge 
circuit, and a power supply 14 connected between a collector 
of the transistor 13 and a ground. 

Assuming that the resistance value of the heating 
resistor 5 is Rh, the resistance value of the temperature 
compensation resistor 6a is Rc, the resistance value of the 
fixed resistor 6b is Rf, the resistance value of the first 
resistor 7 is Ra, and the resistance value of the second 
resistor 8 is Rb, the drive circuit operates so as to 
satisfy the following formula (1): 

Rh x Rb = (Rc//Rf) x Ra ...(1) 

Because the heating resistor 5 is thermally insulated, 
it generates heat with the supply of a current. Assuming 
that the resistance temperature coefficient of polysilicon 
is as (ppm/°C) , the temperature of the heating resistor 5 is 
Th (°C) , and the substrate temperature of the measuring 
element 1 is Tc, the temperature Th of the heating resistor 
is obtained from the following formulae (2) and (3): 
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Rh(l + otsTh) x Rb(l + asTc) = (Rc(l + asTc) ) //Rf 

x Ra(l + asTc) ...(2) 
Th = ((Rc(l + asTc))//Rf x Ra x Rh/(RbRh) -l)/as ...(3) 
In the above-described drive circuit, the fixed 
resistor 6b connected to the temperature compensation 
resistor 6a in parallel serves as heating temperature 
control means added in the first embodiment of the present 
invention . 

In the prior art, the drive circuit comprises the 
heating resistor 5, the temperature compensation resistor 6a, 
the first resistor 7, and the second resistor 8. These 
resistors are all made of the same resistor material and 
hence have the same resistance temperature coefficient (1200 
ppm/°C) . However, the drive circuit according to the first 
embodiment of the present invention includes, in addition to 
those resistors 5, 6a, 7 and 8, the fixed resistor 6b having 
the resistance temperature coefficient of substantially 0 
ppm/°C and connected to the temperature compensation resistor 
6a in parallel. 

The resistance value of the fixed resistor 6b is 
required to be about 20 times that of the temperature 
compensation resistor 6a. Fig. 4 is a graph representing, 
in comparison with the prior art, the temperature of the 
heating resistor 5 relative to the air temperature when the 
drive circuit according to the present invention is operated. 

As seen from Fig. 4, in the prior art, the temperature 
of the heating resistor 5 is controlled such that it is 
always higher than the air temperature, indicated by a 
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dotted line, by a constant temperature. More specifically, 
in the prior art, when the air temperature is 20°C, the 
temperature of the heating resistor 5 is 170°C and it is 
raised by 150°C (i.e., ATh = 150°C) relative to the air 
temperature. Further, in the prior art, ATh = 150°C is kept 
even when the air temperature is 80°C. 

On the other hand, in the drive circuit according to 
the first embodiment of the present invention, when the air 
temperature is 20°C, the temperature of the heating resistor 
5 is 170°C and ATh = 150°C is held as in the prior art. 
However, when the air temperature rises to 80°C, ATh of the 
heating resistor 5 is reduced due to the effect of the fixed 
resistor 6b, thus resulting in ATh = 145°C. The heating 
temperature is thereby lowered. 

Stated another way, when the air temperature is changed 
from 20°C to 80°C, ATh is reduced by 5°C and sensitivity in 
flow rate detection is reduced correspondingly. Thus, in 
the drive circuit according to the present invention, the 
temperature of the heating resistor 5 can be adjusted 
depending on the air temperature, and the sensitivity in 
flow rate detection can also be adjusted. The effect of the 
sensitivity adjustment will be described later. 

In practice, the resistance value of each resistor 
formed on the measuring element 1 by using polysilicon has a 
manufacturing variation of about ± 20%. Therefore, when 
control with higher accuracy is required, the additionally- 
connected fixed resistor 6b is preferably formed using a 
printed resistance, for example, such that its resistance 
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value can be adjusted by, e.g., laser trimming. 

Also, the additionally-connected fixed resistor 6b may 
be connected to the temperature compensation resistor 6a in 
series or to the first resistor 7. Such a modification can 
also provide a similar advantage. 

Fig. 5 is a diagram of a flow rate detection circuit 
for detecting the air flow rate from the first temperature 
measuring resistor 9 and the second temperature measuring 
resistor 10 which detect the temperatures upstream and 
downstream of the heating resistor 5, respectively, and a 
computing unit for correcting and outputting the flow rate 
detection voltage based on information from a temperature 
sensor disposed inside the thermal air flowmeter. 

Referring to Fig. 5, the flow rate detection circuit is 
constituted by connecting a reference voltage source 15 to a 
serial circuit of the first temperature measuring resistor 9 
and the second temperature measuring resistor 10. The first 
temperature measuring resistor 9 and the second temperature 
measuring resistor 10 are each made of polysilicon similarly 
to the heating resistor 5. 

When air flows over the measuring element 1, the first 
temperature measuring resistor 9 upstream of the heating 
resistor 5 is cooled and its resistance value is reduced. 
Because air warmed by the heating resistor 5 flows over the 
second temperature measuring resistor 10 downstream of the 
heating resistor 5, the second temperature measuring 
resistor 10 is heated and its resistance value is increased. 

Accordingly, a signal corresponding to the air flow 
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rate (i.e., the flow rate detection voltage) can be obtained 
by taking out a voltage change in the serial circuit of the 
resistors 9 and 10. 

The flow rate detection voltage taken out as the 
voltage change of the resistors 9 and 10 is supplied to the 
computing unit 17. Also, supplied to the computing unit 17 
is a temperature detection signal from a temperature sensor 
16 which is disposed inside the thermal air flowmeter to 
correct temperature characteristics of the drive circuit, 
etc. and which measures the representative temperature of 
the thermal air flowmeter. The computing unit 17 corrects 
the flow rate detection voltage based on temperature 
information from the temperature sensor 16. Further, a 
memory 18 storing correction information, such as the 
relationship between the flow rate detection voltage and the 
temperature from the temperature sensor 16, is connected to 
the computing unit 17. The computing unit 17 computes the 
air flow rate with high accuracy based on the information 
stored in the memory 18, and then outputs the computed air 
flow rate signal. 

Fig. 6 is a schematic sectional view showing a state 
where the thermal air flowmeter for measuring the flow rate 
of intake air supplied to the internal combustion engine is 
mounted in an intake passage of the internal combustion 
engine for, e.g., an automobile. Referring to Fig. 6, the 
measuring element 1 is installed in a sub-passage 21 
disposed inside a main passage 20 through which intake air 
19 flows. A member 22 forming the sub-passage 22 is 
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supported by a casing 23. 

The measuring element 1 is supported by the circuit 
board 26 disposed inside the casing 23 and is electrically 
connected to the drive circuit through gold wire bonding 28 , 
etc. The casing 23 is mounted to an intake passage wall 
surface 25 by a mount support 24. 

Further, the casing 23 contains therein the drive 
circuit and the flow rate detection circuit which are 
adapted for driving the measuring element 1 and taking out 
the flow rate signal, the temperature sensor 16 for 
detecting the representative temperature of the thermal air 
flowmeter, and the circuit board 26 mounting thereon the 
computing unit 17 and the memory 18 which are adapted for 
correcting the flow rate detection voltage. 

The fixed resistor 6b is also disposed on the circuit 
board 26. The air flow rate signal measured by the thermal 
air flowmeter is sent via a connector 27 to a computer (ECU) 
for executing engine control. 

While in the first embodiment the temperature on the 
circuit board 26 is used as the representative temperature 
of the thermal air flowmeter, the temperature sensor 16 may 
be disposed on the mount support 24, for example, outside 
the circuit board 26 at a position nearer to the intake 
passage wall surface 25. 

In that case, however, because the temperature sensor 
16 is disposed outside the circuit board 26-, wiring has to 
be additionally laid and mounting of the temperature sensor 
16 is complicated correspondingly. Thus, the temperature 
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sensor 16 is preferably disposed integrally with the circuit 
board 26 from points of realizing simpler mounting and cost 
efficiency. 

Meanwhile, in the internal combustion engine used in 
the automobile, the temperature of the intake air supplied 
to the internal combustion engine is required to be detected 
with accuracy in the range of - 40°C to + 80°C under heating 
by the internal combustion engine. 

Also, on condition that the temperature of the intake 
air and the temperature of the thermal air flowmeter are 
equal to each other in the above temperature range, there is 
a first condition of such a temperature characteristic that 
temperature varies in the range of - 40°C to + 80°C 
(hereinafter such a temperature condition is referred to as 
an "overall temperature" and a flow rate detection error in 
the thermal air flowmeter caused due to that temperature 
characteristic is referred to as an "overall temperature 
characteristic"). Further, there is a second condition of 
such a temperature characteristic that, at the air 
temperature of 20°C, the temperature of the intake passage 
wall surface 25 becomes 80°C, thus resulting in a state where 
heat is conducted from the intake passage wall surface 25 to 
the thermal air flowmeter (hereinafter that temperature 
condition is referred to as a "wall surface temperature" and 
a flow rate detection error in the thermal air flowmeter 
caused due to that temperature characteristic is referred to 
as a "wall surface temperature characteristic"). Under any 
of the first condition and the second condition, the 
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accuracy in the flow rate detection of the thermal air 
flowmeter has to be ensured. 

Under those temperature conditions, the prior art can 
correct the error caused due to the overall temperature 
characteristic based on the information from the temperature 
sensor 16, thereby ensuring the accuracy in the flow rate 
detection, but it cannot correct the error caused due to the 
wall surface temperature characteristic. This is because, 
as mentioned above, the influence of a rise of the wall 
surface temperature caused by heat generated from the 
internal combustion engine upon the accuracy in the air flow 
rate detection has not been recognized in the past. 

According to the present invention, even under the 
above two temperature conditions, it is possible to correct 
the flow rate detection error and to ensure the flow rate 
measurement with high accuracy by using the temperature 
sensor 16 in the air flowmeter and the heating temperature 
control means for performing temperature control of the 
heating resistor 5 (i.e., the drive circuit, shown in Fig. 3, 
including the additionally-connected fixed resistor 6b in 
this first embodiment) . 

The reason why the present invention is able to measure 
the flow rate with high accuracy will be described below in 
comparison with the prior art. 

First, the overall temperature characteristic in the 
thermal air flowmeter of the prior art is described. 

Fig. 7 is a graph representing the flow rate detection 
error caused due to the overall temperature characteristic 
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of the flow rate detection voltage before correction. Here, 
the flow rate detection error is obtained by converting a 
variation of the flow rate detection voltage, which is 
caused when the overall temperature is changed from 20°C to 
80°C, to an error in terms of flow rate. 

As shown in Fig. 7, the flow rate detection error 
caused due to the overall temperature characteristic is 
changed depending on the air flow rate. In the prior art, 
the flow rate detection error is maximized as large as about 
- 7% at a low flow rate of 5 kg/h. 

Fig. 8 is a graph representing temperature changes of 
the measuring element 1 and the temperature sensor 16 with 
respect to changes of the air flow rate under the above- 
described temperature conditions. As shown in Fig. 8, since 
the temperature of the intake air and the temperature of the 
intake passage wall surface 25 are the same in the overall 
temperature characteristic, the temperatures of the 
temperature sensor 16 and the measuring element 1 are the 
same as the overall temperature regardless of whether the 
overall temperature is 80°C or 20°C. 

On the other hand, in the overall temperature 
characteristic in the present invention, the effect of the 
fixed resistor 6b acts to make smaller the temperature rise 
of the heating resistor 5 than that in the prior art when 
the air temperature rises, and the sensitivity in the flow 
rate detection is adjusted to become smaller (see Fig. 4). 

In the present invention, therefore, with a reduction 
of the sensitivity in the flow rate detection, the flow rate 
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detection error caused due to the overall temperature 
characteristic when the overall temperature is changed from 
20°C to 80°C is increased toward the negative side in 
comparison with that in the prior art. 

Thus, according to the present invention, the flow rate 
detection error caused due to the overall temperature 
characteristic is adjustable and the temperatures of the 
measuring element 1 and the temperature sensor 16 are the 
same on that occasion as shown in Fig. 8. 

In any of the prior art and the present invention, the 
overall temperature characteristic can be corrected by using 
the information from the temperature sensor 16 and the 
computing unit 17. The computing unit 17 reduces the flow 
rate detection error by adding a correction amount to the 
flow rate detection voltage so that the flow rate detection 
error caused due to the overall temperature characteristic, 
shown in Fig. 7, is 0%. Fig. 9 is a graph representing the 
overall temperature characteristic after correction. 

The correction amount applied to the flow rate 
detection voltage means a correction amount computed by the 
computing unit 17 based on the temperature information from 
the temperature sensor 16 by using a map indicating the 
relationship between the temperature of the temperature 
sensor 16 and the air flow rate (i.e., a correction map). 
The correction map is stored in the memory 18. 

Table 1 shown in Fig. 11 represents a correction map 
for use in the prior art, and Table 2 shown in Fig. 12 
represents a correction map for use in the present invention. 
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As seen from comparing Figs. 11 and 12, correction amounts 
set in the correction map for use in the present invention 
are larger than those set in the correction map for use in 
the prior art. The correction amounts in the present 
invention are set larger than those in the prior art in 
consideration of that, as described above, the flow rate 
detection error is increased in the present invention when 
the temperature is raised with heat generated from the 
internal combustion engine, or when the temperature is 
lowered with an influence of the external temperature. 

While the first embodiment of the present invention 
employs the correction method using a map, the correction 
may be performed by using a function modeled from the 
correction map, and this modification can also provide a 
similar advantage . 

The wall surface temperature characteristic will be 
described below with comparison between the prior art and 
the present invention. 

Fig. 12 is a graph representing a flow rate detection 
error caused due to the wall surface temperature 
characteristic of the flow rate detection voltage before 
correction by the computing unit 17. In Fig. 12, the flow 
rate detection error is obtained by converting a variation 
of the flow rate detection voltage, which is caused when the 
temperature of the intake air is held at 20°C and the 
temperature of the intake passage wall surface 25 is raised 
from 20°C to 80°C, to an error in terms of flow rate. 

Fig. 13 is a graph representing temperature changes of 
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the temperature sensor 16 and the measuring element 1 with 
respect to changes of the air flow rate when the wall 
surface temperature is 20°C and 80°C. 

In the case of the wall surface temperature 
characteristic, the temperature is higher at a position 
nearer to the wall surface. Therefore, when the wall 
surface temperature is 80°C, the temperature of the 
temperature sensor 16 is higher than that of the measuring 
element 1. Also, as the air flow rate increases, the 
temperature is gradually lowered with the heat radiation 
effect and comes closer to the air temperature. 

In the prior art, as shown in Fig. 12, the flow rate 
error caused due to the wall surface temperature 
characteristic is maximized as large as - 10% at a low flow 
rate of 5 kg/h and is gradually reduced as the air flow rate 
increases. The reason is that, as the air flow rate 
increases, the effect of dissipating the heat, which is 
conducted from the intake passage wall surface 25 to the 
thermal air flowmeter, is increased and the temperature of 
the measuring element 1 is lowered correspondingly. 

On the other hand, according to the wall surface 
temperature characteristic in the present invention, the 
flow rate error caused due to the wall surface temperature 
characteristic is maximized as large as about - 12.5% at a 
low flow rate of 5 kg/h and is gradually reduced as the air 
flow rate increases. 

The wall surface temperature characteristic before 
correction in the present invention is deteriorated - 2.5% 
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at maximum from that in the prior art. The reason is that, 
as the temperature of the measuring element 1 rises, the 
effect of the fixed resistor 6b for reducing the temperature 
rise of the heating resistor 5 also appears in the wall 
surface temperature characteristic . 

The above-described wall surface temperature 
characteristic is a characteristic of the flow rate 
detection voltage inputted to the computing unit 17, and it 
is corrected by using the information from the temperature 
sensor 16 and the correction map stored in the memory 18, as 
shown in a graph of Fig. 14, similarly to the case of the 
overall temperature characteristic. 

As seen from Fig . 14 , in the prior art, the flow rate 
error caused due to the wall surface temperature 
characteristic after correction is not reduced to 0% 
completely and remains about -5% at the flow rate of 5 kg/h. 
This is because a sufficient correction amount cannot be 
obtained for the wall surface temperature characteristic in 
spite of using the correction map shown in Fig. 10. More 
specifically, as shown in Fig. 13, when the wall surface 
temperature is 80°C, the temperature of the temperature 
sensor 1 at the flow rate of 5 kg/h is about 60°C. Based on 
Fig. 10, the correction amount at that temperature is about 
4.7%, i.e., ((60°C - 20°C) x 7% / (80°C - 20°C) ) . 

In the prior art, therefore, because the flow rate 
detection error caused due to the wall surface temperature 
characteristic before correction is - 10% (at 5 kg/h, see 
Fig. 12), the error after correction is given by - 10% + 
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4.7% = - 5.3%. Thus, the correction performed in the prior 
art using the temperature sensor 1 is effective for the 
overall temperature characteristic, but a large error 
remains for the wall surface temperature characteristic 
because the correction amount provided from the computing 
unit 17 is relatively small. 

On the other hand, the wall surface temperature 
characteristic after correction in the thermal air flowmeter 
according to the present invention is improved about 1% in 
comparison with that in the prior art. More specifically, 
as shown in Fig. 13, when the wall surface temperature is 
80°C, the temperature of the temperature sensor 1 at the flow 
rate of 5 kg/h is about 60°C. Based on Fig. 10, the 
correction amount at that temperature is about 8.0%, i.e., 

((60°C - 20°C) x 12% / (80°C - 20°C) ) . 

In the present invention, therefore, because the flow 
rate detection error caused due to the wall surface 
temperature characteristic before correction is - 12.5% (at 
5 kg/h, see Fig. 12), the error after correction is given by 
- 12.5% + 8.0% = - 4.5%. Thus, the error of - 5.3% in the 
prior art is reduced by about 1% to - 4 . 5% in the present 
invention. 

The reason is that, as seen from Table 2 of Fig. 11, 
the error correction amount provided from the computing unit 
17 in the present invention is larger than that in the prior 
art. Stated another way, the overall temperature 
characteristic is adjusted with the provision of the fixed 
resistor 6b, thus causing the computing unit 17 to modify 
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the error correction amount such that the flow rate 
detection error is reduced in comparison with the error in 
the prior art . 

According to the first embodiment of the present 
invention, it is possible to reduce the error in measurement 
accuracy of the fluid flowmeter, which is caused by external 
thermal influences, and to realize a thermal flowmeter of a 
fluid, which has improved measurement accuracy of the 
flowmeter . 

The advantage of the first embodiment of the present 
invention can be obtained by combination of two features, 
i.e., the error correction using the temperature sensor 16 
and the adjustment of the temperature characteristic using 
the fixed resistor 6b. 

In other words, the overall temperature characteristic 
and the wall surface temperature characteristic cannot be 
corrected at the same time by an arrangement of only 
performing the error correction with the temperature sensor 
16 or by an arrangement of only modifying the temperature 
characteristic with the additional connection of the fixed 
resistor 6b. The advantage of the first embodiment can be 
obtained only by combining those two features with each 
other . 

The first embodiment of the present invention is 
featured in providing the function of adjusting the overall 
temperature characteristic before the error correction by 
the computing unit 17. Other embodiments for realizing that 
function will be described below. 
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Fig. 15 is a diagram showing a drive circuit for the 
heating resistor 5 in a second embodiment of the present 
invention. This drive circuit supplies a current to the 
heating resistor 5 on the measuring element 1 and performs 
heating temperature control. 

The drive circuit shown in Fig. 15 differs from the 
drive circuit shown in Fig. 3 in that the resistor 6b is 
connected to the resistor 6a in parallel in the example of 
Fig. 3, while a resistor 29 is connected to the resistor 7 
in parallel in the example of Fig. 15 instead of connecting 
the resistor 6b to the resistor 6a. The other arrangement 
in the example of Fig. 15 is the same as that in the example 
of Fig. 3. 

Referring to Fig. 15, the heating resistor 5, the 
temperature compensation resistor 6a, the first resistor 7, 
and the second resistor 8, which are formed on the measuring 
element 1, are all made of the same resistor material, while 
the fixed resistor 29 is made of a different resistor 
material from that used for the resistors 5, 6a, 8 and 7. 
Those resistors form a bridge circuit. 

The drive circuit in this second embodiment has the 
function similar to that of the drive circuit in the first 
embodiment. Although the fixed resistor 29 and the resistor 
7 are connected in parallel in Fig. 15, the same effect is 
also obtained in the case of connecting those two resistors 
7 and 29 in series. 

The remaining arrangement is the same as that in the 
first embodiment. Namely, the computing unit 17 computes 
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the air flow rate signal based on the temperature detection 
signal from the temperature sensor 16 and the correction 
amount information stored in the memory 18. 

This second embodiment can also provide a similar 
advantage to that in the first embodiment. 

Fig. 16 is a diagram showing a flow rate detection 
circuit according to a third embodiment of the present 
invention . 

Referring to Fig. 16, the flow rate detection circuit 
comprises a first temperature measuring resistor 9 for 
detecting the flow rate, a second temperature measuring 
resistor 10 connected to the first temperature measuring 
resistor 9 in series, the first and second temperature 
measuring resistors 9, 10 being made of the same resistor 
material (polysilicon resistor) , and a fixed resistor 30 
connected to the resistor 10 in parallel and made of a 
material (having the resistance temperature coefficient = 
about 0 ppm/°C) different from that of the resistors 9 and 10. 
The fixed resistor 30 may be connected to the second 
temperature measuring resistor 10 in series. 

Fig. 17 is a graph showing dependency of a flow rate 
detection voltage upon the air temperature at a flow rate of 
0 kg/h. 

As shown in Fig. 17, because the flow rate detection 
circuit of the prior art is a serial circuit made up of the 
resistors having the same resistance temperature coefficient, 
the flow rate detection voltage is constant regardless of 
changes the air temperature. In the third embodiment of the 
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present invention, however, because the fixed resistor 30 is 
connected to the temperature measuring resistor 10, the flow 
rate detection voltage is reduced as the air temperature 
rises . 

Thus, by adjusting the dependency of the flow rate 
detection voltage (offset voltage) upon the air temperature 
at the air flow rate of 0 kg/h with the addition of the 
fixed resistor 30, the overall temperature characteristic 
can be adjusted particularly at a low rate as shown in Fig. 
18. 

The computing unit 17 computes the air flow rate by 
using the flow rate detection circuit having the overall 
temperature characteristic shown in Fig. 18, the temperature 
sensor 16 similar to that shown in Fig. 5, and the memory 18 
storing a correction map in which relatively large 
correction amounts are set as shown in Fig. 11. 

This third embodiment can also provide a similar 
advantage to that in the first embodiment. 

Additionally, the flow rate detection error can be 
further reduced by employing one of the drive circuits 
according to the first and second embodiments and the flow 
rate detection circuit according to the third embodiment in 
a combined manner such that the temperature characteristic 
is adjusted by the fixed resistor 6b or 6c at a high flow 
rate and by the fixed resistor 30 at a low flow rate. 

Fig. 19 is a diagram showing a flow rate detection 
circuit according to a fourth embodiment of the present 
invention . 
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Referring to Fig. 19, the flow rate detection circuit 
comprises a first temperature measuring resistor 9 for 
detecting the flow rate, a second temperature measuring 
resistor 10 connected to the first temperature measuring 
resistor 9 in series, and a fixed resistor 31 connected to 
the first temperature measuring resistor 9 in series in 
parallel . 

The fixed resistor 31 is made of a material, such as 
aluminum, having the resistance temperature coefficient 
larger than that of the first temperature measuring resistor 
9 and the second temperature measuring resistor 10. The 
resistance temperature coefficient of aluminum is in the 
range of 3000 - 4000 ppm/°C and is larger than that of the 
polysilicon resistance used to form the first temperature 
measuring resistor 9 and the second temperature measuring 
resistor 10. For that reason, the fixed resistor 31 is 
connected to the temperature measuring resistor 9. 

In particular, aluminum is used to form the terminal 
electrodes 11 (see Fig. 1) of the measuring element 1, etc. 
Accordingly, the fixed resistor 31 can be formed by 
designing a wiring pattern such that the wiring resistance 
of the terminal electrode Hi or llj connected to the first 
temperature measuring resistor 9 is increased. Thus, by 
adjusting the dependency of the flow rate detection voltage 
upon the air temperature at the flow rate of 0 kg/h with the 
addition of the fixed resistor 31, the overall temperature 
characteristic can be adjusted as in the third embodiment. 

Fig. 20 is a diagram showing a drive circuit for 
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performing heating temperature control in a fifth embodiment 
of the present invention. 

This fifth embodiment is similar to the first 
embodiment except for that the resistance value of the fixed 
resistor 6b connected to the resistor 6a in parallel can be 
selected by a switching device 32 and a control circuit 33 
for controlling the former. 

By constituting the switching device 32 as a 
semiconductor switch in the form of a transistor, for 
example, the switching device 32 can be manufactured 
together with the computing unit 17, etc. Similarly, the 
control circuit 33 can also be easily manufactured by 
manufacturing it together with the computing unit 17. 

Further, the control circuit 33 for controlling the 
switching device 32 is preferably provided with a mechanism 
for communicating with the exterior of the thermal air 
flowmeter so that the resistance value of the resistor 6b 
can be adjusted with ease. 

For example, when polysilicon is used as the material 
of the resistors constituting the bridge circuit as in the 
first embodiment, the resistance value of each resistor has 
a manufacturing variation of about ± 20%. In view of such a 
variation of the resistance value, this fifth embodiment is 
constituted to be able to adjust the resistance value of the 
fixed resistor 6b depending on the variation of the actual 
polysilocon resistance value. 

The other arrangement of the fifth embodiment is the 
same as that of the first embodiment, and a detailed 
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description thereof is omitted here. 

Additionally, this fifth embodiment may be combined 
with one or more of the second to fourth embodiments 
described above. 

While, in the example shown in Fig. 3, the fixed 
resistor 6b is in the form of a resistance printed on the 
circuit board 26, it is not always required to form the 
fixed resistor 6b as a printed resistance. Also, the 
resistor 6b may be disposed in a position separate from the 
circuit board 26. 

While, in the first embodiment, the fixed resistor 6b 
is connected to the temperature compensation resistor 6a in 
parallel, the additional connection of the fixed resistor 6b 
is not always required if the temperature coefficient of the 
temperature compensation resistor 6a can be set to have such 
a characteristic that the temperature difference relative to 
the air temperature is reduced as the temperature rises, as 
shown in Fig . 4 . 

Further, while, in the third embodiment, the fixed 
resistor 30 is connected to the temperature measuring 
resistor 10 in parallel, the additional connection of the 
fixed resistor 30 is not always required if the temperature 
coefficient of the temperature measuring resistor 10 can be 
set to have such a characteristic that the offset amount of 
the flow rate detection voltage at the air flow rate of 0 
kg/h is changed to the negative side as the temperature 
rises, as shown in Fig. 18. 
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Industrial Applicability 

According to the present invention, the thermal air 
flowmeter comprises the temperature sensor 16 disposed in a 
casing 23 of the air flowmeter, the computing unit 17 for 
correcting the flow rate detection voltage from the 
measuring element 1 by using the temperature sensor 16, and 
heating temperature control means disposed in a temperature 
control circuit for performing temperature control of the 
heating resistor 5 to vary a temperature rise of the heating 
resistor 5 relative to the air temperature depending on the 
air temperature. 

Therefore, the flow rate detection errors of the 
thermal air flowmeter caused by the overall temperature 
change and the temperature change on the intake passage wall 
surface can be corrected simultaneously and the thermal air 
flowmeter having superior measurement accuracy can be 
realized. 

The present invention is not limited the thermal air 
flowmeter in its applications, and it can be further applied 
to a thermal fluid flowmeter for measuring another fluid, 
e.g., any other kind of gas. 
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